The far lateral approach has been applied for the surgery of tumors or vascular lesions around the ventral portions of the foramen magnum or craniocervical junction.
Introduction
The far lateral approach has been applied for the surgery of tumors or vascular lesions around the ventral portions of the foramen magnum or craniocervical junction. [1] [2] [3] [4] [5] [6] The main advantage of this approach is the direct view offered of the anterior rim of the foramen magnum without requiring brainstem retraction. 3 Neurosurgeons should master the far lateral approach to ensure safe and smooth dissection, because identification of muscle layers and anatomical landmarks is sometimes confusing and thus time-consuming for neurosurgeons unfamiliar with this approach. 4 Important anatomical landmarks include the C1 transverse process, the V3 portion of the vertebral artery, the posterior arch of the atlas, and the occipital condyle. 5 A systematic approach to identify important anatomical landmarks is essential for safe and successful surgery. Although the lazy S-shaped skin incision 7 and the C-shaped skin incision 8 have been proposed to minimize excessive muscle dissection and skin elevation that may lead to the development of cerebrospinal fluid (CSF) leaks, the standard skin
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Abstract
Background The far lateral approach includes exposure of the C1 transverse process, vertebral artery, posterior arch of the atlas, and occipital condyle. We designed a method for systematic muscular-stage dissection and present our experience with this approach.
Operative Methods We used a horseshoe scalp flap that was reflected downward and medially. The lateral muscle layers were separated layer to layer to expose the suboccipital triangle. The medial muscle layers were separated in the midline and reflected in a single layer. At this stage, the midline of the C1 process and the foramen magnum were identified. The rectus capitis posterior major muscle was reflected to expose the posterior arch of the atlas. The C1 transverse process and vertebral artery were identified by reflection of the superior oblique muscle. The occipital condyle was separated accordingly.
Results We used this method of muscular dissection in 10 patients (foramen magnum meningioma, n ¼ 5; hypoglossal schwannoma, n ¼ 2; others, n ¼ 3). Systematic muscular-stage dissection facilitates identification of the anatomical landmarks with no vertebral artery injury. Gross total removal was obtained in all 9 patients with complex tumors. The patient with vertebral artery dissection successfully underwent proximal clipping. Conclusion Our muscular-stage dissection could contribute to safe and effective surgery for the far lateral approach.
incision for the far lateral approach remains the classic horseshoe scalp flap incision. 4, 5, 8 We have so far adopted the standard horseshoe scalp flap incision to obtain wide exposure. In a cadaveric study description of the horseshoe scalp flap incision, 4,5 the muscles were reflected separately, but in actual operations, the scalp and muscles superficial to the suboccipital triangle are reflected from the suboccipital area in a single layer. However, even with wide exposure by the horseshoe scalp flap, making a systematic approach to identify important anatomical landmarks is essential for safe and successful surgical operations. This study details our experience with this approach, particularly the muscular-stage dissection, facilitating safe and quick identification of the important anatomical structures. during surgery in the academic journals using a form provided by the ethics committees at our institutions.
Patients and Methods

Surgical Technique and Results
Surgical Technique
A lumbar spinal drain is inserted for CSF drainage after general anesthesia has been administered. To prevent CSF leak, lumbar drainage was maintained from 3 to 4 days after surgery. The patient is placed in the lateral position, keeping the upper body elevated 20°to minimize venous bleeding, and the neck is flexed toward the floor to open the angle between the shoulder and skull base, but preventing compression of the contralateral jugular venous drainage. We use a horseshoe scalp flap incision. The skin incision begins in the midline at the posterior tubercle of C2 and is directed upward to just above the external occipital protuberance, turning laterally just above the superior nuchal line, reaching the mastoid and turning downward 2-cm below the mastoid tip. 4 The skin flap is reflected downward and medially.
The concept of our muscular-stage dissection is that the lateral muscle layers are separated layer to layer to expose suboccipital triangle, then the medial muscle layers are separated in the midline and reflected in a single layer. First, the sternocleidomastoid muscles are dissected and separated laterally. The splenius capitis and longissimus capitis muscles are separated from the suboccipital triangle and reflected downward (►Figs. 1A, 1B). The medial group of muscles, including semispinalis capitis and rectus capitis minor muscles, are separated in the midline, cut along the superior nuchal line, and elevated from the bone surface in a single layer (►Figs. 1B, 2A, 2B). We identify the posterior ridge of the foramen magnum and the C1-C2 spinous process at this stage of midline muscular dissection, as done in the suboccipital midline approach (►Figs. 1B, 2B). We avoid separation between the cutaneous and muscle layers as much as possible to protect the cutaneous vascular supply. Next, we elevate the superior oblique muscle from the bone surface at the inferior nuchal line. The rectus capitis posterior major and minor muscles are elevated and reflected downward together with the semispinalis capitis muscle (►Figs. 1C, 2C). The posterior arch of the atlas is separated from both medial and lateral directions along with the inferior oblique muscle attached to the C1 transverse process and the posterior tubercle of C2 (►Figs. 1C, 2C). The superior oblique muscle is further separated from the fat tissues and the paravertebral venous plexus toward the C1 transverse process to identify the V3 segment of the vertebral artery running above and along the lateral C1 vertebral groove (►Figs. 1D, 2D). Laminectomy of the posterior arch of the C1 is then performed. The occipital condyle is identified after coagulation and cutting of the condylar emissary vein. Suboccipital craniotomy with exposure of the lower part of the sigmoid sinus is performed. If necessary, drilling the occipital condyle or lateral part of the jugular tubercle proceeds as required accordingly.
We made a small dural incision at the C1 level to relieve tension on the brain by CSF drainage. After further opening the dura of the posterior fossa along the sigmoid sinus, we could approach the ventral portions of the foramen magnum or craniocervical junction (►Fig. 3).
Surgical Results
We adopted our method for the far lateral approach using systematic muscle stage dissection in 10 patients between 2009 and 2016 (►Table 1). Systematic muscular-stage dissection facilitates identification of the anatomical landmarks with no vertebral artery injury. Gross total removal was obtained in all 9 patients with tumors. The patient with vertebral artery dissection successfully underwent proximal clipping. Gait ataxia in 5 patients with large foramen magnum meningioma dramatically improved postoperatively. CSF leak was identified as a complication in 2 patients (Cases 1 and 10 in ►Table 1), even with the use of lumbar drainage. Both underwent reoperation, 47 and 21 days after the first surgery, respectively, where the dural leakage was closed by suturing dura using muscle fascia and coating with fibrin glue. Points of CSF leakage were found at the sutured dura over the major cistern. Preoperatively, 3 patients complained of dysphagia and dysphonia that deteriorated postoperatively, but improved and became capable of oral intake 5 weeks after surgery in every patient. A temporary nasogastric tube was required in 1 patient (Case 3) for 2 weeks postoperatively. Tracheostomy was not needed in any case. Skin adaptation was quite good in all 10 patients.
Discussion
The far lateral approach is suitable for the surgery of tumors or vascular lesions located around the ventral portions of the foramen magnum or craniocervical junction.
1-6 Identification of the important anatomical landmarks is essential for safe and successful surgery, but is sometimes complex during the actual surgery. 4 Important anatomical landmarks include the C1 transverse process, the V3 portion of the vertebral artery, the posterior arch of the atlas, and the occipital condyle. 4, 5 The V3 segment of the vertebral artery is well known to lie within the suboccipital triangle, which is formed by the superior oblique muscle, inferior oblique muscle, and rectus capitis posterior major muscle. 4, 5 However, identification of this triangle and dissection of the V3 segment is not always straightforward in the actual surgery.
7
In a cadaveric study, Wanibuchi et al 7 reported a systematic method to identify the V3 segment using 4 bony landmarks. They used a small lazy S-shaped skin incision and did not use the guidance of muscular-stage dissection. The key point they indicate is to follow the midline of the posterior ridge of the foramen magnum and then find the posterior tubercle of C1, which is followed anteriorly from the tubercle to find the "J-groove," which cradles the vertebral artery. However, when using the postauricular small lazy S-shaped skin incision, the posterior midline of the foramen magnum and C1 spinous process seem difficult to find in the actual surgery. Because patients are usually set in the lateral head position during the far lateral approach, accurate location in the midline is difficult. We adopted a wide horseshoe skin incision allowing safe and quick identification of the posterior midline by dividing between the right and left semispinalis capitis muscles that lie just beneath the skin incision, as usually done in the suboccipital midline approach. We could identify the posterior ridge of the foramen magnum and C1-C2 spinous process at this stage of midline muscular dissection. The concept of our muscular-stage dissection is that the medial muscle layers are separated in the midline and reflected in a single layer, and the lateral muscle layers are separated layer to layer to expose the suboccipital triangle. The rectus capitis posterior major and minor muscles are elevated and reflected downward together with the semispinalis capitis muscle. The posterior arch of the atlas is separated from both medial and lateral directions along with the inferior oblique muscle, which is attached to the C1 transverse process and posterior tubercle of C2. Our approach using a wide horseshoe skin incision facilitates use of a systematic muscular-stage dissection that can help to identify the important anatomical landmarks, C1 transverse process, posterior arch of the atlas, V3 portion of the vertebral artery, and occipital condyle. Although the wide horseshoe skin incision may be invasive, when compared with the lazy S-shaped 7 or Cshaped 8 skin incisions, we avoid separation between the cutaneous and muscle layers as much as possible to protect the vascular supply of the skin. No problems in skin adaptation were encountered in any patients. CSF leakage was complicated in 2 of the 10 patients. This complication could be overcome by carefully suturing the dura over the major cistern and using lumbar CSF drainage maintained from 3 to 4 days after surgery. We believe our systematic muscular-stage dissection can help to identify important anatomical landmarks during the far lateral approach and thus contributes to safe and successful surgery for complex pathologies.
Conclusion
We reported our systematic muscular-stage dissection with a horseshoe skin incision during the far lateral approach. The concept of our approach is that the lateral muscle layers are separated layer to layer to expose the suboccipital triangle, and the medial muscle layers are separated in the midline and reflected in a single layer. Systematic muscular-stage dissection facilitates identification of the important anatomical landmarks, the C1 transverse process, the posterior arch of the atlas, V3 portion of the vertebral artery, and the occipital condyle. These anatomical landmarks are identified safely and quickly. Our muscular-stage dissection could contribute to safe and effective surgery during the far lateral approach. 
